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I FOREWORD 
This repor t  has been prepared under NASA Marshall Space F l igh t  Center con- 
t r a c t  NAS8-35472. It provides the  supplemental r epor t  pages ca l l ed  f o r  by 
Change Orders 5 and 7 f o r  t h e  F ina l  Report - Volume I Executive Sunmnary. 
Other r epor t s  i n  the  s e r i e s  under cont rac t  NAS8-35472 include: 
Task 1. Parameter Analysis Data Package - 
LMSC/D914350 - August 1983 
Task 2. Tradeoff/Analysis Data Package - 
LMSC/D914366 - October 1983 
Task 3. Preliminary Conceptual Design Requirements 
Data Package - LMSC/D914369 - January 1984 
F ina l  Review. Ju ly  1985 
Change Order 5 Special  Report - LSRF Bioiso la t ion  Study - 
LMSC/D962181 - August 1985 
F ina l  Report - Volume 11. Study Resul t s  - Space S ta t ion  
Accommodations f o r  L i f e  Sciences Research F a c i l i t i e s  - 
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This Executive Summary h igh l igh t s  Lockheed Missiles & Space Company's 
(LMSC's) conceptual designs and programmatics f o r  a Space S t a t i o n  Nonhuman 
L i fe  Sciences Research F a c i l i t y  (LSRF). Conceptual designs and 
programmatics encompass an I n i t i a l  Orb i t a l  Capabi l i ty  (IOC) LSRF, a growth 
o r  Follow-on Orb i t a l  Capabi l i ty  (FOCI, and the  t r a n s i t i o n a l  process 
required t o  modify t h e  I O C  LSRF t o  t h e  FOC LSRF. The I O C  and FOC LSRFs 
correspond t o  missions SUO307  and S U O 3 0 2  of t h e  Space S t a t i o n  Mission 
Requirements Database. This sumnary includes an in t roduct ion  and p ro jec t  
r e s u l t s  from subtasks 3.1 Requirements, 3.2 Concepts, and 3.3 
Programmatics. 
1.1 RELATED CONTRACT WORK 
LMSC began LSRF s t u d i e s  f o r  t he  George C. Marshall Space F l i g h t  Center 
(MSFC) i n  May 1983. I n i t i a l  work focused on da ta  base bui ld ing  p lus  a 
l imi ted  o v e r a l l  concept descr ip t ion .  This work produced t h e  following 







Or ien ta t ion  Br ie f ing  - June 8 ,  1983 
Task 1 Parameter Analysis Data Package - LMSC/D914350 - August 
3, 1983 
Midterm Review - August 16, 1983 
Task 2 Tradeoff Analysis Data Package - LMSClD914366 - October 
31, 1983 
Task 3 Preliminary Conceptual Design Requirements Data Package - 
LMSC /D914369 - January 1984 
F ina l  Executive Review - May 1984 
Subsequently, t he  cont rac t  was extended t o  conduct an in-depth t radeoff  
a n a l y s i s  dea l ing  with i s o l a t i o n  between crew and nonhuman specimens. This  
r e s u l t e d  i n  t h e  r epor t :  
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7. LSRF Bio i so la t ion  Study - LMSC/D962181 - August 1985 
F i n a l l y  t h e  con t r ac t  was amended t o  develop a "Preliminary Conceptual 
Design Requirements" da t a  package which a l s o  included: 
8. Study Midterm Review - May 3,  1985 
9. Study F ina l  Review - J u l y  24, 1985 
The work descr ibed i n  t h e  background above was guided by MSFC under t h e  
technica l  d i r e c t i o n  of D r .  John D. Hilchey. P a r a l l e l  s t u d i e s  were conduct- 
ed by t h e  Boeing Aerospace Company. Program d i r e c t i o n  was provided by t h e  
NASA Ames Research Center (ARC) on behalf of NASA headquaters L i f e  Sciences 
Division. The ARC program manager i s  Roger Arno. 
ARC a l s o  managed d i r e c t l y  r e l a t e d  e f f o r t s  by McDonnell Douglas which 
focused f i r s t  on a technology assessment of l i f e  sc iences  equipment and on 
descr ib ing  the  science pro tocols  of ARC'S strawman l i s t  of 54 repre-  
s e n t a t i v e  expeirments. LMSC work has been based on t h i s  re ference .  
McDonnell Douglas l a te r  conducted s t u d i e s  of research  cen t r i fuges  and 
automation. 
I n  add i t ion  NASA's Johnson Space Center (JSC) has  been managing s t u d i e s  of 
a Human Research F a c i l i t y  (HRF). LMSC p a r t i c i p a t e d  i n  t h i s  work as a 
subcontractor  t o  Lockheed Engineering and Management Serv ices  Company 
(LEMSCO). The HRF would share  f a c i l i t i e s  wi th  t h e  LSRF under t h e  i n i t i a l  
Space S t a t i o n  l i f e  sc iences  mission, SAAX 0307. Later, t hese  missions 
would sepa ra t e  as t h e  nonhuman LSRF would grow i n t o  i t s  OM module under 
mission SAAX 0302. 
1.2 RELATIONSHIP TO SPACE STATION PROGRAM 
The o r i g i n a l  work under t h i s  cont rac t  considered both  a manned Space 
S t a t i o n  and an unmanned Science and Applicat ions Space Platform (SASP) as 
t h e  p o t e n t i a l  carr iers  f o r  LSRF. A s  t h e  p r o j e c t  continued, NASA announced 
i t s  i n t e n t i o n  t o  develop a permanently manned Space S t a t i o n  and t h e  s t u d i e s  
focused sharp ly  on t h i s  c a r r i e r .  
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Under Phase B Def in i t ion  and Preliminary Design s tud ie s  , NASA Headquarters 
assigned the  Goddard Space F l igh t  Center (GSFC) t o  manage t h e  o u t f i t t i n g  of 
a Science Laboratory Module (SLM) f o r  t he  s t a t i o n .  Missions SAAX 0307 and 
SAAX 0302 were assigned t o  t h i s  module. LMSC i s  conducting one of t he  GSFC 
Phase B SLM s t u d i e s  under subcontract t o  RCA. Data or t radeoff  r e s u l t s  
from t h a t  work have been taken i n t o  account under t h i s  LSW study fo r  MSFC. 
Likewise, LSRF r e s u l t s  have influenced t h e  d i r e c t i o n  of t h e  GSFC work. 
1.3 STUDY OBJECTIVES AND APPROACH 
The study was conducted following the  flow diagram shown i n  Fig. 1-1. The 
o v e r a l l  ob jec t ive  was t o  focus on conceptual design opt ions  and t o  recom- 
mend t h e  bes t  choice based on an evaluat ion aga ins t  t h e  sc ience  and engi- 
neer ing requirements. The approach t o  t h i s  ob jec t ive  included a b r i e f  
review of science,  an update of se lec ted  key t r ades  from the  e a r l i e r  
s tud ie s ,  and a layout of t h e  engineering and mission design requirements 
s t r u c t u r e  f o r  reference.  I n  addi t ion ,  four  sample mission scenar ios  were 
e s t ab l i shed  t o  test  the  concepts f o r  t h e i r  a b i l i t y  t o  be reconfigured on 
o r b i t  and t o  t r a n s i t i o n  t o  a complete LSRF module. 
A second ob jec t ive  was t o  achieve an understanding of s e l ec t ed  
programmatics da t a  assoc ia ted  with the  conceptual design. The approach 
here  was t o  develop a work breakdown s t r u c t u r e  f o r  t h e  LSRF on the  b a s i s  of 
t h e  e n t i r e  job of converting a space s t a t i o n  common module i n t o  a function- 
ing lab. No e f f o r t  was made t o  d i s t i n g u i s h  between t h e  r o l e s  of t h e  
d i f f e r e n t  NASA cen te r s ,  eg,  GSFC and MSFC o r  ARC, or t h e  d i f f e r e n t  NASA 
d i v i s i o n s ,  eg,  L i f e  Sciences (Code E) or Space S ta t ion  (Code SI. 
Third o b j e c t i v e  was t o  de f ine  technology development requirements. A l l  of 
t h e  above fed  i n t o  the  f i n a l  ob jec t ive  of preparing cos t  and schedule 
estimates and requirements r e l a t i v e  t o  t h e  o v e r a l l  space s t a t i o n  schedule. 
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Figure 1-1 Study Flow Diagram 
1.4 ASSUMPTIONS 
The main assumptions of t h i s  pro jec t  were: 
o The LSRF would use t h e  Space S t a t i o n  permanently manned concept 
as i t s  c a r r i e r  
The LSRF housing would be t h e  common module including i t s  assoc ia ted  
subsystems such a s  thermal, environmental con t ro l ,  power, and 
d a t a  management 
o 
o The missions of i n t e r e s t  a r e  US l i f e  sciences missions S M X  0307 
and 0302 of t h e  Space S t a t i o n  Mission Requirements Data Base 
Strawman science experiments are the  l ist  of 54 from NASA ARC 





Science, mission, engineering, and opera t ions  considerat ions were addressed 
i n  the  requirements ana lys i s .  
2.1 SCIENCE 
Space S ta t ion  L i f e  Sciences Research F a c i l i t i e s  (LSIzFs) are needed t o  meet 
the  ob jec t ives  of t h e  NASA L i f e  Sciences program plan. The LSRF accommodates 
nonhuman specimens ( p l a n t s  and animals) t o  meet these  objec t ives .  The animal 
experiments t y p i c a l l y  planned would be coordinated with research  on t he  human 
crew. The p lan t  experiments w i l l  support t h e  f u t u r e  development of CELSS 
(Controlled Ecological L i f e  Support Systems), needed f o r  extended lunar  and 
o r b i t a l  co lonies  and Mars missions,  as wel l  a s  g rav i t i ona l  biology. 
LMSC has p r i o r i t i z e d  t h e  ARC l i s t  of 54 strawman experiments (Table 2-11. 
The s t u d i e s  with highest  p r i o r i t y  a r e  those which r e l a t e  t o  understanding the  
biomedical problems of weightlessness.  Those s tud ie s  are a l s o  of g rea t  
i n t e r e s t  t o  bas i c  b i o l o g i s t s ,  because they address  the  ques t ions  of how 
g rav i ty  i s  sensed, how the  sensor output i s  t r a n s l a t e d  i n t o  t i s s u e  responses,  
and the  s e r i e s  of physiological  changes t h a t  r e s u l t .  
Understanding the  process and designing countermeasures w i l l  r equ i r e  two 
approaches: co l l ec t ing  da ta  from crewmembers and studying the  mechanisms of 
t he  changes i n  animals. The importance of animal s tud ie s  i s  t h a t  they allow 
more s t r i n g e n t  procedures, including extensive use of t i s s u e  analyses.  Some 
of t h e  biomedical changes i n  weight lessness  which are thought t o  be most 
important include decreases  i n  bone mass and s t rength ,  decreases  in muscle 
m a s B ,  cardiovascular  changes, and a l t e r e d  v e s t i b u l a r  funct ion.  S tudies  i n  
those a r e a s  should be among the  e a r l i e s t  on t he  Space S ta t ion .  
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CaIc iudBone  Mineral balance on r a t #  
Nitrogen balance and change in  rat  muscle r t r u c t u r e  
Metabolic balance cbanger in  r a t a  
Rerp i ra tory  quo t i en t  (02/C02) changer in  r a t a  
Calcium/Mineral balance i n  r a t #  u r ing  nonradioac t ive  t r a c e r r  
F l u i d / e l e c t r o l y t e  changer in  ra t@ 
Ca lc iud t I ine ra l  balance on r q u i r r e l  monkeyr 
Nitrogen balance and change i n  r q u i r r e l  mo&ey r u r c l e  r t r u c t u r e  
Ver t ibu la r  organ r t r u c t u r a l  change i n  r a t s  
Ver t ibu la r  r y r t a  ope ra t ion  changer i n  r a t @  
Ver t ibu lar  ryrtem func t ion  changer i n  r q u i r r e l  monkey. 
P l an t  development fo l lov ing  rp rou t ing  
P lan t  growtb i n  Og 
Mul t ip le  gene ra t ion  p l a n t  growth 
Grav i t a t iona l  s t r e n g t h  and o r i e n t a t i o n  e f f e c t s  on p l a n t  deve loprent  
Ue igh t l e r rne r r  e f f e c t s  on microscopic p l a n t s  
Geo t rop i r r  t h re rho ld  experimentr 
Pro to type  CELSS p lan t  u n i t  
F l u i d / e l e c t r o l y t e  changer in  r q u i r r e l  moLeyr 
Card iovarcular  func t ion  changer i n  r e s t r a i n e d  Rhcrur moseys 
ca rd iovascu la r  system changer i n  r c r t r a i n e d  R h r s u ~  monkeys 
Ver t ibu la r  ryrtem funct ion  changes in  Rhesus monkeye 
Flu id  r h i f t r  i n  r e r t r a i n e d  Rherur monkeyr 
Ketabol ic  balancc i n  r q u i r r e l  monkeys 
Rerp i r a to ry  quo t i en t  (02/C02) i n  r q u i r r e l  monkeys 
Energy expenditure/C02 production in  s q u i r r e l  monkeys 
Timedependent g lucose  me tabo l i r r  changer i n  r q u i r r e l  monkeys 
Ves t ibu lar  ryrtem ope ra t ion  changer in  Cat8 
Ver t ibu la r  rystcm func t ioa  chafiger i n  pigeonr 
Ver t ibu la r  ryrtem funct ion  changer in  frogs 
Vest ibular  ryrtem func t ion  changer i n  g o l d f i s h  
Ves t ibu lar  ryrtem func t ion  changer i n  r q u i r r e l  monkeys 
Bone development in  e a r l y  r t a g e r  of r a t  f e t u r e r  
Bone development i n  e a r l y  pregnancy over  mul t ip l e  r a t  gene ra t ioo r  
Development of r a t  CV r c f l c x e r ,  r c n r o r r  
Mul t igenera t ion  changer i n  rat rcprod. behavior and develop. 
Rat development 
Rat por t  n a t a l  development at 19 days 
Mul t ip le  genera t ion  m u r e  development 
Mouse development 
Itat development cycle fo l lov ing  b i r t h  i n  Cg 
Determine g r a v i t y  thrcahold  for development changes i n  rata 
Ear ly  development i n  chickenr 
Chicken development and ha tch ing  
Ear ly  development in  f r o g r  
Changer i n  moure metabolism 
Recovery i n  m u s e  r t a b o l i a m  t o  1g 
Proto type  algae CELSS u n i t  
P lan t  l i g n i f i c a t i o n  
P lan t  growth rate ChAUgcr due t o  l i g h t / d a r k  cyc le  
Pa r r ive  r a d i a t i o n  dosage i n  mice 
Pa r r ive  r a d i a t i o n  doaage i n  mice 
Nitrogen ba lance  and ra t  m a c l e  r t r u c t u r e  changer v i t h  t r a c e r s  
Gar balance 00 p l a n t s  
h o p o r e d  p r i o r i t y :  I A S C  recomocnded r t a r t i n g  po in t  f o r  ure of e x p e r i u n t r  i n  t r a d e  r t u d i e r  bared on a 
blending of r e fe rence  p r i o r i t i e s  ' Reference u r i o r i t v :  P r i o r i t i z e d  l i n t  of  experimentr r p e c i f i e d  i n  Uilcbey oewrandum dated  October 1 2 ,  1983 
B-Boeing; L-Lockheed' 
U C  No: (A) Apes Research Center r epor t  "Life Science# Research and t h e  Science and Appl ica t ion8  Space P1a t fom"  
(W) "Experimcntr Derived f r b r  t h e  1982 L i fe  Science Uorkrhopr" by Hcinr icb  (ARC) 
PC- p l a n t  grovth  
BL- bone losr  ED- animal development 
CV- ca rd iovascu la r  VP- v e s t i b u l a r  ryrtem 
PE- f l u i d / e l e c t r o l y t e  MB- r t a b o l i c  balance 
llLI w r c l e  lorn  
RB- rad  i a  t i o  n 
'XJlSC b.: b c t k d  e x p e r h a t  n u r i c a l  lirti.8 rpee i f i ed  i n  Appemdi. 1 - hrmeter  k a l y r i r  Data package - 
L i f e  k i c u c e r  h o e a r c h  F a c i l i t y  I y r t a  a n a l y r i r  8tudy 
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Most l i f e  sciences experiments w i l l  need t o  be repeated many times. Repeti- 
t i o n  of an experiment unchanged would be f o r  the  purpose of confirming t h e  
r e s u l t s .  In  most cases  an experiment would be modified when repeated, t o  
extend the  information obtained the  previous time. Some experiments may be 
repeated one o r  more times during a 90-day mission. Other s tud ie s  w i l l  
r equ i r e  holding specimens on t he  s t a t i o n  f o r  mul t ip l e s  of 90 days; examples 
are long-term r a d i a t i o n  e f f e c t s ,  and multi-generation s t u d i e s  on mammals. 
Data shee t s  were developed i n  e a r l i e r  work and updated f o r  a l l  of the  54 
experiments i n  the  list.  The number-one p r i o r i t y  experiment, BLlA Bone Loss 
i n  Rats, i s  descr ibed i n  the  da t a  sheet i n  Pig.  2-1. The experiment da ta  are 
used in  def in ing  core equipment (bas ic  items gener ic  t o  l i f e  sciences 
research)  a s  well  as experiment unique equipment which must be accommodated 
i n  the  LSRF design approach. 
2.2 MISSION 
There are no requirements f o r  p a r t i c u l a r  o r b i t a l  a l t i t u d e  o r  i nc l ina t ion ,  
viewing angles ,  a t tached  payloads, o r  EVA serv ic ing  ( a t  I O C  o r  near-term). 
L i f e  Sciences missions do have spec ia l  requirements r e l a t e d  t o  the  use of 
l i v e  specimens, however. These include: 
o ECLSS. Animal and p lan t  holding f a c i l i t i e s  with b i o i s o l a t i o n  from 
the  surrounding labora tory  and temperature and humidity con t ro l s  
which a r e  more accura te  than the  laboratory module as a whole. 
o Work S ta t ions .  Closed o r  laminar-flow workbench(e8) f o r  carrying 
out research  procedures on p l a n t s  and animals without danger of 
contamination of t he  specimens o r  lab.  Procedures include use of 
chemicals, mass determinat ions,  examination, t e s t i n g ,  t r a n s f e r ,  
d i s sec t ion ,  ana lys i s ,  and preserva t ion  of specimens. 
o Storage. Re f r ige ra to r s  and f r e e z e r s  t o  maintain uns tab le  chemicals 
and preserve b io log ica l  specimens f o r  ground ana lys i s .  Because 
many of t he  cons t i t uen t s  of i n t e r e s t  a r e  extremely l a b i l e ,  
cryogenic temperatures a r e  necessary f o r  sme samples. 
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Experiment No. 8LlA 
EXPERIHENT TITLE: 80NE LOSS IN RATS 
OBJECTIVE: Determine E f fec ts  o f  Micrograv i ty  on Calcium/Mineral Balance i n  Rats; 
Radi o l  ogy , H i  stology , B i  omechani c t  . Osteoblast D i  f f e ren  t i  a t i o n  , Tooth 
Erupt ion Rate, Joints. Calcium Metabolism. 
SPECIES: Rat ,  Mature Males SIZE:  400-600 DURATION: 90 Days 
3UGGESTED NUMBER: 90 STATION G LEVEL 45 (502) 
FRACT G (Centr i fuge) 
1 G (Centr i fuae)  45 (50%) . 
TASK FREQUENCY POTENTIAL FOR AUTOMATION 
Vlvarium: Urine/Feces Sample 2 days/week X 
RAHF/VGRF Maintenance Every 7 days X 
SUDDOrt  Lab: 
h i g h  Specimens Every 7 days 
Blood Sanples/Preserve Every 7 days 
Sacrifice/Dissect/Preserve 6 6ach a t  2. 10, 
X-Ray Every 14 days 
Bone t h i n  sect ions L U-V Microscopy 
EQUIPMENT - VIYARIUM DATA 
RAHF/Rodent Environment, Food 6 Water Consumption, A c t i v i t y  
VGRF/Rodent Environment, Food L Water Consumption. A c t i v i t y  
20, 30, 50, 85 days 
A t  sac r i  f i ce 
DL 
DL 
S o l i d  6 L i q u i d  Waste Storage 
Hand Wash F a c i l  i t y  Cage Cleaning Faci 1 i t y  
- - 
EQUIPMENT - SUPPORT LAB DATA 
Surgical Workbench Chemical Storage ( o p t )  - - 
Mass Measurement Device (Small ) Dry Storage (op t )  - 
Freeze Dryer ( o p t )  - S r c r i  f i ce K i  t 
Thin Section Saw - Blood Co l l ec t i on  K i t  
Laboratory Centr i fuge - 
Uet Trash Storage X-Ray L Developer 
X-Ray D i g i t i z e r  - 
Freezer 
Quick Freeze U n i t  
Hand Wash F a c i l i t y  Binoc. Microscope - 
SAMPLE STORAGE 6 RETURN FREEZE DRY REFRIG. FREEZE F I X  
Bone X x ( o p t )  
Feces X 
Ur ine X 
Blood X 




20: (18) returned l i v e  
802 (72)  returned s a c r i f i c e d  
SPECIAL ENVIRONMENTAL REQUIREMENTS ( I F  ANY) 
None 
Figure 2-1 Bone L o s s  Experiment Data Sheet 
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o Laboratory Eauiment  . Analyt ical  t o o l s  a r e  needed f o r  t e s t i n g ,  
i n j e c t i n g ,  handling, and d i s sec t ing  specimens; f o r  blood and u r ine  
c o l l e c t i o n  and ana lys i s ;  and f o r  spec ia l ized  s tud ie s  i n  
e lectrophysiology,  cardiology, v e s t i b u l a r  a c t i v i t y ,  radiology, and 
o the r  areas .  
o A r t  i f  i c i a l  Gravity A large-diameter cent r i fuge  t o  apply gravi ty  
fo rces  t o  groups of animals and p l an t s  f o r  up t o  90 days. Some 
specimens w i l l  serve as l g  ("normal") con t ro l s  f o r  s imi l a r  
specimens maintained a t  Og. The cent r i fuge  a l s o  must provide 
f r a c t i o n a l  g and hyper-g t o  study the  thresholds  a t  which 
physiologycal changes occur or can be prevented. 
Because each 90-day mission w i l l  begin with the  supply of new specimens and 
some equipment items, a l l  missions may be considered as reconf igura t ions .  
Several  reconf igu ra t  ion scenar ios  were developed as examples of l og ica l  
groupings of experiments. 
Operat ional ly ,  t r a n s i t i o n i n g  from the  combined laboratory ( S M X  0307) t o  t he  
dedicated plant-animal l a b  (SAAX0302) should minimize equipment changeout. 
It i s  recommended t h a t  t he  combined l ab  grow t o  the  dedicated animal-plant 
l a b  leaving the  cen t r i fuge  i n  place.  The newly-launched module then would 
become a human research f a c i l i t y .  
2.3 ENGINEERING 
The LSRF i s  a mult i -mission f a c i l i t y  o u t f i t t e d  with genera l  purpose 
subsystems and equipment items analogous t o  the  Spacelab L i f e  Sciences 
Laboratory Equipment (LSLE). The lab  i s  a t  t h e  d isposa l  of var ious  users ,  
each with a p a r t i c u l a r  mission. The LSRF a l s o  i n t e r f a c e s  with common module 
subsystems (ECLSS, power d i s t r i b u t i o n ,  da t a  management, e t c . )  t h a t  are i n  
support of t he  primary equipment complement and t h e  users .  
Bio iso la t ion  was i d e n t i f i e d  as a key d r i v e r ,  perhaps the  dominant i s sue  i n  
LSRF design. Because of i t s  importance, t he  b io i so la t ion  i s s u e s  were the  




HOLD I NG WORKBENCH 
0 
The study concluded t h a t  using s p e c i f i c  pathogen f r e e  (SPF) animals i s  the  
prefer red  approach t o  specimen se l ec t ion  and tha t  cage-level i s o l a t i o n  i s  
both much more e f f e c t i v e  a measure than t h e  use of module p a r t i t i o n s ,  and i s  
much l e s s  d i s rup t ive  of rou t ine  a c t i v i t y .  Figure 2-2 shows an overview of 
t h e  d i f f e r e n t  vivarium subsystems t h a t  a r e  in t e r l i nked  i n  t h e  b io i so la t ion  




Ty- CENTRIFUGE 7s CREn (HUMAN FACTORS 1 
Figure 2-2 Vivarium BiOi60htiOn I n t e r f a c e  
Other t r a d e o f f s  have been reported i n  e a r l i e r  documents. Important i s sues  
which have been taken in to  account i n  the  conceptual design include: 
o Equipment Sharing d Comnonality 
o Vivarium loca t ion  ( i n  l a b  VS. l o g i s t i c s  module VS. spec ia l  module) 
o Centr i fuge loca t ion  and a r c h i t e c t u r e  
o Waste s torage  
o Log i s t i c s  (animal resupply)  
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2.4 OPERATIONS 
LSRF reconf igura t ion  scenarios  and i n t e r n a l  layouts  a r e  the  primary d r i v e r s  
inf luencing l ab  opera t ions  and support f a c i l i t i e s .  Elements i n  the  opera- 
t i o n a l  sequence include p r e m i s s i o n ,  on-orbit ,  p o s t m i s s i o n ,  and ground-based 
f a c i l i t y  support a c t i v i t i e s .  These a c t i v i t i e s  must  be f u l l y  in tegra ted  t o  
handle a l l  experiments i n  var ious phases of t he  opera t iona l  sequence a t  
anytime. Figure 2-3 provides an overview of the  opera t iona l  sequence f o r  a 
t yp ica l  LSRF mission. 
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This sec t ion  overviews LSRF layouts  and subsystem s tudies .  
3.1 LAYOUTS 
Eight module arrangement conceptual layouts  were developed (see Table 3-11 
with nonhuman equipment o u t f i t t i n g  volumes equal t o  e i t h e r  a ha l f  or a f u l l  
module. The half-module concepts are designed t o  be combined wi th  e i t h e r  hab 
module equipment such as t h e  Health Maintenance F a c i l i t y  o r  o ther  l a b  
func t ions  such as materials technology. Module length is  constant  a t  13.7 
meters. The opt ions  are based on the  use of a 2.75m diameter side-mounted 
cen t r i fuge  or a 3.75m full-module diameter double r o t o r  cen t r i fuge  combined 
with e i t h e r  a ho r i zon ta l  or v e r t i c a l  layout .  P r i o r i t i z e d  equipment l i s t s  
developed by NASA Ames Research Center were used i n  equipping t h e  l ab  opt ions 
(see Tables 3-2 and 3-3). 
TABLE 3-1 LAYOUT OPTIONS CONSIDERED 
Half Module 
(SAAX0307) 
F u l l  Module 
( SAAXO 30 2 ) 
Horizontal  
Ver t i ca l  
- ~~ ~ 
Horizontal  
Ver t i ca l  
S m a l l  Centrifuge 
Large Centrifuge 
S m a l l  Centrifuge 
Large Centrifuge 




Figs.  4-1 and 4-2 
Figs. 4-3 and 4-4 
Figs.  4-5 and 4-6 
Figs.  4-7 and 4-8 
Figs.  4-9 and 4-10 
Figs. 4-11 and 4-12 
Figs. 4-13 and 4-14 
Figs.  4-15 and 4-16 
Figs. 4-17 and 4-18 
The Space S t a t i o n  Common Module i s  t h e  carr ier  f o r  t he  LSRF layouts .  It 
provides  b a s i c  s e rv i ces  such as environmental con t ro l ,  thermal con t ro l ,  power 
d i s t r i b u t i o n ,  and a l i n k  t o  t h e  communications and da ta  systems. 
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TABLE 3-2 RESEARCH EQUIPMENT FOR NONHUMAN L I F E  SCIENCES: 
F I R S T  HALF-MODULE 
Item 
Unit characteristics 
Quantity Weight, k g  Volume, liters Power, W 
0-g stands-rd habitat, ECLSa (24 rat equiv.) 1 450 1800 500 
0-g breeding habitat, FCLS (12 rat equiv.) 
0-g metabolic habitat, ECLS (4 rat equiv.) 
1-g centrifuge, controls, ECLS (18 rat) 
Plant growth facility (100 liter capacity) 
Multipurpose workbench 
Animal restraint/transport device 
Refrigerator (-2OOC) 30-liter capacity 
Freezer (-70°C), 20-liter capacity 
Cryogenic freezer ( - 1  9 5 O C  
Computerldata displayldata storage 
Video camera, recorder, monitor, tape 
Anlmal physiological monitoring system 
Biomedical recorder/p?otter 
Autoclaveldrying oven 
Incubator/culture growth system 
Laboratory refrigerator centrifuge 
Small mass measuring device 








Hematology, fluid handling kit 
Surgery/dissection kit, guillotine 
Plant tool kit or veterinary kit (ea) 
Hand wash facility 
Gown change room, partitions 
Waste handling s y s t e m ,  freoze dryer 
Cage cleaning systern 
Secondary structure, grips, restraints 
Dynamic environment/accelerometer system 
Environmental monitoring and control 










































































































































TOTALS (unit characteristics quantity) 3730 13230 9900 
aECLS = environmental control and life support 
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Quantity Weight, kg Volume, liters Power, !4 
0-g standard habitat, ECLSa (24 rat equiv.) 
0-g breeding habitat, ECLS (12 rat equiv.) 
0-g metabolic habitat, ECLS ( 4  rat equiv.) 
1-g centrifuge, controls, ECLS (18 rat) 
Plant growth facility (100 liter capacity) 
Multipurpose workbench 
Animal restraint/transport device 
Refrigerator (-2OOC) 30-liter capacity 
Freezer (-70°C). 20-liter capacity 
Cryogenic freezer ( - 1 3 5 ° C )  
Computerldata dfsplayldata storage 
Video camera, recorder, monitor, tape 
Animal physiologlcal monitoring system 
Biomedical recorder/plotter 
Autoclaveldrying oven 
Incubatorlculture growth system 
Laboratory refrigerator centrifuge 
Small mass measuring device 








Hematology, fluid handling kit 
Surgery/dissection kit, guillotine 
Plant tool kit or  veterinary kit (ea) 
Hand wash facility 
Gown change room, partitions 
Waste handling system, freeze dryer 
Cage cleaning system 
Secondary structure, grips, restraints 
Dynamic environmentlaccelerometer system 
Environmental monitoring and control 
Lighting system and controls 
Storage allowance 







450 1 R O O  530 
250 1000 250 
200 500 200 
1000 4000 500 
25 0 1000 1500 
350 2000 500 
190 300 290 
100 300 300 
! 00 400 500 
100 500 400 
50 200 200 
20 1 co 53 
30 i GO 1 5 2  
100 200 500 
100 200 100 
30 100 ‘150 
20 50 20 
10 20 200 
25 150 100 
40 t o o  200 
100 200 450 
40 100 300 
100 200 600 
10 5 10 
5 5 15 
10 20 100 
15 10 
20 10 100 
100 500 375 
100 3co 300 
100 250 250 
200 50 
40 100 20 
200 500 3000 
50 50 300 
25 1000 
3570 12520 1037? 
20 100 
1000 3000 
aECLS - environmental control and life 3;pport 
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I n t e r n a l  layout op t ions  d i r e c t l y  inf luence the  number and types of experi-  
ments and the  a b i l i t y  of t he  crew t o  complete the  experiments t h a t  a r e  flown. 
Ver t ica l  arrangements a r e  prefer red  because with similar equipment volumes 
v e r t i c a l  arrangements a r e  simpler and more uniform with a g r e a t e r  degree of 
commonality possible .  Ver t ica l  module packaging a l s o  is more simply ar- 
ranged, allowing more crew working space and higher packaging ef f ic iency .  
Thus, f o r  t he  half-module SAAX0307 mission, opt ion 14 was determined t o  be 
t h e  bes t  and f o r  t h e  ful l -module SAAx0302, option 18 was the  bes t .  The 





1 . t2  
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Figure 3-1 Half Lab Concept With Large Dual-Rotor Centrifuge (Option 14) 
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E W I P M N T  
GENERAL PURPOSE WORK S T A T I W  ( # I l l .  D I S S E C T I O N  
K I T L * 1 2 4 1 .  SPECTROPHOTORETER I * 2 0 6 1 .  HASS SPEC/ 
GRS RNRLYZER 1*1631 .  RNIMAL MONITORING L e 2 0 3 1 .  
STORRGE. 
HAND WASHER (# loo) .  
INCUBRTOR C 0 2 1 * 2 0 2 1 .  EGG INCUBATOR 1*761. CELSS 
I * 9 0 1 .  F R E E Z E R L e 4 S A I . L A B O R A T O R Y  CENTRIFUGE L e 2 8 1  
PLANT RESERRCH F R C I L I T Y  1 * 8 1 1 .  
DATA SYSTEM 11133-361. COHPUTER 1 e 5 1 1 .  S T R I P  
CHART RECORDER 1*1621 .  MICROPROCESSOR I e Z 0 9 1 .  
V l O E O  CRHERA RND RECORDER L e 1 4 1 1 .  
CAGE WASHER 1 e 9 8 1 .  SPECIMEN FOOD AND WATER 
I e96.97 I .  STORAGE. 
RODENT STANDARD HOLDING F A C I L I T Y  ( X 5 2 A ) .  . 
STORAGE, P H I I O N  ANALYZER (X2081. OSCILLOSCOPE 
I+2071.  MICROSCOPES Le I .  
RODENT STANDARD HOLDING F A C I L I T Y  ( R 5 2 ) .  
_ _ _ _ _ _ _ - - _ _ _ _ _ - - - _ _ _ - - - - - - _ _ -  
3 - 7 5  METER DIAMETER SPECI t lEN RESEARCH CENTRIFUGE 
_ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ - - - - - - _ _ -  
CENTRIFUGE CONTROLS 111631. STORRGE. 
REFRIGERRTOR/FREEZERS l e 4 4 . 4 5 1 .  ENVIRONMENTAL 
MONITOR [ * 1 4 2 ) .  PHYSIOLOGICAL A M P L I F I E R  l e 1 4 3 1 .  
DOSIMETER 1*1251. SMALL M A S S  MERSUREMENT I e l l Z 1 .  
TOTAL VOLUME 
Figure 3-2 Equipment and Rack Location for  Option 14 
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Figure 3-3 Ful l  Lab Concept With Large Centrifuge (Option #8> 
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SENERM PURPOSE WORK STATION ( # l I ) .  O ISSECTION 
~ I T l r l 2 4 1 .  SPECTROPHOTOMETER 1.2061. MASS SPEC/ 
X S  RNRLYZER [01631 .  ANIRRL UONITORING 1.2031. 
STORAGE. 
INCUBRTOR C 0 2 l  i 2 0 2  I .  EGG INCUBRTOR 1 - 7 6  1 .  CELSS 
1.901. F R E E Z E R l o 4 5 R I . L R B O R R T O R Y  CENTRIFUGE 1.281 
PLRNT RESERRCH F A C I L I T Y  (=811. 
ORTR SYSTEN 1033-361 .  CORPUTER 111611. STRIP  
CHRRT RECOROER l r 1 6 2 1 .  HICROPROCESSOR 102091 .  
VIDEO CRMERR RNO RECOROER 1.1411* 
CAGE HRSHER t r S B 1 .  SPECIREN FOOD RNO WRTER 
[ r 9 6 . 9 7  I STORRGE . 
R M E N T  STANDARD HOLDING F A C I L I T Y  (P52n). 
STORAGE, PH/ ION ANALYZER (C2081. OSCILLOSCOPE 
C r 2 0 7 1 .  NICROSCOPES la 1.  PRIHRTE K I T  I * Z O S l .  
RODENT STANDARD HOLDING F A C I L I T Y  (C52B) .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - - _ - _ -  
3.75 NETER OIARETER SPECIMEN RESEARCH CENTRIFUGE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ - _ - _ -  
CENTRIFUGE CONTROLS 10631. STORAGE. 
PLRNT RESERRCH F R C I L I T Y  [ r B l R t .  
REFRIGERRTOR/FREEZER 1044R1.  ENVIRONMENTRL 
NONITOR 1.1421. PHYSIOLOGICAL RUPLIF IER I .1341. 
OOSIUETER 1.1251. SNRLL NRSS MERSUREUENT 1 ~ 1 1 2 1 ~  
STORRGE - 
ROOENT BREEDING HOLDING F R C I L I T Y  l r 1 5 3 1 .  
R E F R I C E R R T O R / F R E E Z E R S I - 4 4 6 . 4 5 8 1 .  SPECIMEN FOOO 
AND HRTERl r96R .97R 1 .  
RETRBOLIC HOLDING F A C I L I T Y .  
ROOENT STRNORRO HOLDING F R C I L I T Y  1 0 5 2 C I .  
LRRGE PRINRTE HOLDING F A C I L I T Y  10581 .  STORAGE. 
STORAGE * 
TOTAL Vaw 




The common module conta ins  secondary s t r u c t u r e  and network d i s t r i b u t i o n  
system f o r  l i f e  support ,  da ta  management, e l e c t r i c a l  power d i s t r i b u t i o n  and 
f i n a l  condi t ioning,  thermal management, and communications. I n t e r n a l  LSRF 
o u t f i t t i n g  must be compatible with ex te rna l  s t r u c t u r a l  f e a t u r e s  t o  
f a c i l i t a t e :  equipment/specimens/supplies t r a n s f e r  from STS o r b i t e r  i n t o  the  
l a b ,  e a r t h  viewing, power, ECLSS, thermal and da ta  management i n t e r f a c e s  with 
t h e  l o g i s t i c s  module, and sa fe ty  egress  requirements f o r  crew i n  emergency 
s i t u a t i o n s .  
LSRF i n t e r n a l  arrangements a l s o  must be compatible with common module i n t e r i -  
o r  c h a r a c t e r i s t i c s  t o  ensure proper i n t e r f a c e  during ground and on-orbit 
assembly a c t i v i t i e s .  
The equipment mounting system i s  the  means f o r  i n t eg ra t ing  the  laboratory 
elements i n t o  labora tory  arrangements. To complete t h i s  i n t eg ra t ion ,  t he  
mounting system concepts ( racks)  inves t iga ted  by LMSC were designed t o  
provide the  following: 
o I n t e r f a c e s  t o  support operat ion of c m o n  laboratory equipment and 
user  equipment 
o S t r u c t u r a l  i n t e g r i t y  f o r  appl icable  loads and environments 
o 
o Access ib i l i t y  f o r  maintenance, s e rv i ce ,  and r e p a i r  of laboratory 
Easy change-out of Orb i t a l  Replacement Units (ORUS) 
equipment and of module elements 
Commonality with o ther  Space S ta t ion  elements o 
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The elements of programmatics s tudied included the  WBS, technology 
development, cos t ing ,  and planning. 
1 4.1 WORK BREAKDOWN STRUCTURE 
The WBS was updated from the  December 1984 repor t  t o  correspond t o  the  Space 
S t a t i o n  RFP. WBS elements 1.0 through 7.0  address cOmmon module end items 
from Work Package 01 t h a t  must be enhanced t o  achieve an opera t iona l  LSRF by 
IOC.  Items 8.0 through 21.0 address LSRF opera t iona l  a c t i v i t i e s  and as- 
, sociated hardware required f o r  I O C .  The WBS was developed t o  l e v e l  5 and a 
d e f i n i t i o n  f o r  each WBS l e v e l  4 and 5 element prepared. The top  l e v e l  WBS 
( t o  l e v e l  4) i s  shown in  Fig. 4-1. 
4.2 TECHNOLOGY DEVELOPMENT 
Technology development a c t i v i t i e s  play an i n t e g r a l  pa r t  i n  the  development of 
a f u l l y  opera t iona l  LSRF t h a t  i s  compatible with o the r  Space S t a t i o n  
elements. LMSC developed de ta i l ed  d iscuss ions  of a Variable  Gravity Research 
Centr i fuge (VGRC), Metabolic Measurement System (MMS), and a Cage Washer 
including s p e c i f i c  a reas  requi r ing  add i t iona l  study and advances required t o  
develop t h e  technology f u l l y .  These technology development a reas  were 
se lec ted  f o r  study a f t e r  an evaluat ion of experimental p ro tocols  and 
equipment l i s t s  expected t o  be r ep resen ta t ive  of LSBF work. 
A concept of t he  l a rge  dual-rotor cen t r i fuge  with cen te r  pass-through, 
magnetic bear ings,  automated serv ic ing ,  and human research  capab i l i t y  is 
shown in  Fig. 4-2. 
4.3 COST ESTIMATES 
The cost  es t imates  developed address design, development, t e s t ,  and 
evaluat ion (DDTbE) and opera t ions  c o s t s  f o r  I O C  (SAAx0307) and FOC 
4-1 
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Figure 4-2 3.75 Meter Centr i fuge With Servicing Rotor i n  Module End 
( S U 0 3 0 2 ) .  The SMX0307 rep resen t s  t he  LSRF por t ion  o r  one-half of a 
Science Laboratory Module (SLM) a t  IOC.  The SUO302  es t imate  i s  f o r  a 
dedicated animal-plant vivarium l ab  which becomes opera t iona l  two years  a f t e r  
IOC. Assumptions and groundrules used t o  generate  cos t  estimates include t h e  




o Costs f o r  WBS func t iona l  elements and non-flight hardware are 
Costs are i n  constant year FY 1987 mi l l i on  d o l l a r s  
Estimates are f o r  a 13.7m module i n  a r ace t r ack  conf igura t ion  
Development approach is  p r o t o f l i g h t  program 
generated by applying f a c t o r s  a r r ived  a t  by engineering judgement 
Weights f o r  l i f e  science f l i g h t  hardware a r e  based on e a r l i e r  LSRF 




Cost Estimating Relat ionships  (CERs)  f o r  equipment items a r e  computed on the  
b a s i s  of weight, a complexity f a c t o r ,  and s t a t e  of development. Cost ad jus t -  
ments within each CER can be made by assigning a complexity f a c t o r  (FC) f o r  
each equipment item. The normal f a c t o r  i s  uni ty .  An equipment i t e m  deemed 
t o  be lower o r  higher i n  complexity should be assigned a complexity f a c t o r  
lower or higher than uni ty .  
Equipment c o s t s  a l s o  can be adjusted r e l a t i v e  t o  development s t a t u s  of t h e  
item. For example, an item t h a t  has a l ready been developed o r  e x i s t s  as 
f l i g h t  q u a l i f i e d  hardware w i l l  not be charged f o r  f u l l  development cos ts .  
Each equipment item, the re fo re ,  was assigned a number t h a t  r e f l e c t e d  i t s  
development s t a t u s  a s  it w i l l  e x i s t  a t  t he  s t a r t  of Phase C/D. 
Funding p r o f i l e s  f o r  LSRF Missions SAAX0307 and SAAX0302 were constructed t o  
eva lua te  funding requirements from program i n i t i a t i o n  through f i r s t  launch. 
The p r o f i l e s  (Fig. 4-3)  a r e  generated based upon a seven-year program. It 
was assumed t h a t  program s t a r t  commenced i n  FT 1986 and t h a t  t he  program ends 
with a launch i n  March 1993. 
0 a 
YR- 1 YR-2 m-3 m-4 m-3 Yl?-6 7 R - i  
Figure 4-3 Funding P r o f i l e s  
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Annual opera t ions  c o s t s  were estimated f o r  pre-launch, on-orbit ,  and 
post-return ope ra t iona l  a c t i v i t i e s  involving t h e  LSRF por t ion  of t he  combined 
l a b  (SAAX0307) and t h e  dedicated animal-plant vivarium and l a b  (SAAX0302). 
I These are shown i n  Table 4-1. 
TABLE 4-1 OPERATING COSTS FOR SAAX0302 AND SAAX0307 
COST ($HI 
WBS ELEMENT TITLE SAAX0307 SAAX0302 
T r  a i n  ing 
Log i s  t i c  s 
Airborne Support Equipment 
Maintenance and Servicing 
Mockups 
Ground Operat ions  
F l i g h t  Operations 




















TOTALS 31.51 62.99 
I 4 .4  PROGRAM PLAN 
The LSRF program plan  encompasses an approach cons i s t en t  with t h e  Space 
S t a t i o n  phasing t o  accomplish the  requirements d e f i n i t i o n ,  design,  develop- 
ment, assembly, v e r i f i c a t i o n ,  i n t eg ra t ion ,  and a l l  a spec t s  of mission sup- 
port .  The plan inc ludes  sc ience  management, development and implementation 
engineering, LSRF opera t ion  and mission planning, equipment changeout, and 
resupply and t r a in ing .  LSRF p ro jec t  schedules i n  t h e  p lan  are phased wi th  
t h e  o v e r a l l  SS schedule and show t h a t  t h e  L i f e  Sciences a c t i v i t i e s  must begin 
c l o s e  t o  and be in t eg ra t ed  with t h e  Space S t a t i o n  phase C / D  program. 
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